mapping of SSR markers is one step for detecting aluminumtoxicity tolerant QTLs in soybean. Another step is to phenotype the same population at various aluminum-toxicity environments. The objectives of this study were to analyze the segregation of SSR markers in progenies of an F 2 population and map the markers in 8 soybean chromosomes. The F 2 population was previously developed by crossing the Al-tolerant parent B3462 and the Al-sensitive parent B3293. Polymorphic SSR markers in the parents were used to PCR amplify DNA of the 100 F 2 progenies. PCR products were separated using agarose or polyacrylamide gels. A Chi-Square test was done with a null hypothesis that progenies segregated in a 1 : 2 : 1 ratio. Results showed that 125 SSR markers were polymorphics in the parents. Out of 125 polymorphic markers, 122 were segregated in the progenies of the F 2 population. Among the segregating markers, 114 were segregated in a 1 : 2 : 1 ratio. Only 8 markers (5.6%) did not follow the 1 : 2 : 1 ratio. One hundred and nineteen SSR markers were mapped in 8 soybean chromosomes. These include 18 markers in chromosome A2, 10 in B1, 16 (C1), 16 (F), 10 (G), 23 (J), 16 (L), and 10 (N). Total genetic maps covered was 1,194.8 cM with average map distances between two adjacent markers of 10.7 cM. Further SSR marker enrichment is required to fill in the gaps of several chromosomal regions. Genetic maps presented in this study should be useful for detection of Al-toxicity tolerant QTLs in soybean.
INTRODUCTION
In the last five years, the national soybean production was approximately 0.7 million tons/ha much lower than its annual consumption of about 2.1 million tons. About 65% of the soybean consumption has been imported from other countries mainly from the soybean producers such as USA and Argentine. As human population growth increases and the soybeanbased industries also increase the value of the annual soybean import is predicted to increase in the near future. Government efforts toward national soybean self-sufficiency have long been started and the goal has been set to be achieved by 2015.
Indonesian soybean production can be increased by extensification and intensification programs. Extensification can be done by increasing the areas allocated for soybean plantation. The areas, mainly dry lands are largely available outside Java and Bali islands especially Sumatera, Kalimantan, and Papua. Dry lands outside Java islands are generally suboptimal dominated by acid soils mostly red yellowish podsolic soils. Indonesia has over 47.5 million hectares of red yellowish podsolic soils (Syarifuddin and Abdurachman, 1993) . This kind of soil is the typical acid soils generally used for a national food and estate crop extensification program including for soybean.
Cultivated plants fully adapted to these environments, therefore, should posses a tolerancy to toxic Al and efficient in nutrients utilization for deep root growth (Spehar, 1995) . At soil pH below 5, aluminum toxicity is the most serious problem faced by farmers in acid soils. At this situation soil is dominated by Al 3+ solutes that are very toxic to plants (Kochian, 1995) . Al toxicity causes inhibition of root growth by stopping the root cell division, root penetration ability decreases and plant productivity drastically decreases (Delhaize et al., 2004; Hoekenga et al., 2006) .
The productivity recovery of this marginal soil by increasing soil pH through liming of top soil and by amelioration with gypsum of sub soil and the application of macro nutrients N, P, K, and Mg has been successful to make the Savanah acid soils of Brazil to become healthy and productive (Spehar, 1995) . However, this method is valued to be too expensive to be applied in Indonesian and such an activity must be supported by a strong governmental policy to be able to exploit the huge hectarage Indonesian acid soil to become highly productive soils and suitable for soybean cultivation.
Microsattelite DNA marker, also known as Simple Sequence Repeat (SSR) is composed of a 1-to 6-base pair (bp) DNA sequence that is repeated in a variable number of times. SSR markers demonstrate high levels of length polymorphism in soybean. Santoso et al. (2006) reported that as many as 19 alleles per SSR locus were observed among a group of 96 Indonesian soybean accessions assayed with 10 SSR loci. Using 21 Indonesian soybean varieties and seven SSR markers, an average of 3.4 alleles per SSR locus was reported by Trustinah et al. (2006) . Akkaya et al. (1995) demonstrated as many as 8 alleles per SSR locus among 43 US cultivated and wild soybean genotypes. In addition, an average of 10.1 alleles per SSR locus was shown using 20 SSR loci against 35 soybean genotypes (Diwan and Cregan, 1997) . The SSR marker has also been successfully used in the construction of the soybean genetic linkage map (Cregan et al., 1999; Song et al., 2004) . The polymorphism level of the SSR markers in the intraspecific and interspecific populations is generally no lower than 50% (Cregan et al., 1999; Tasma et al., 2001) The use of Al-toxicity tolerant soybean varieties is a very attractive alternative to be considered. By this way the need to apply lime and fertilizer will be significantly decreased than the use of common soybean varieties. Variety development tolerance to Al toxicity could be expedited by using a better screening methodology. Screening methods used currently are varied among soybean breeders (Campbell and Carter, 1990; Foy et al., 1993) . The conventional screening methodologies through observing phenotype is less reliable and therefore less accurate as phenotypes are strongly affected by the environment (Bianchi-Hall et al., 1998; Ermolayev et al., 2003) . A biotechnological method by using DNA marker will solve the problem. By using DNA markers linked to the trait cultivar development will be faster as selection of plants having the trait can be done at early stages of the plant growth. With DNA marker breeders will be able to select the plants having the trait without growing them in the environments where the trait is expressed.
A consensus genetic map of soybean consisted of 1017 SSR, 745 RFLP, and 83 other types of markers) has been constructed (Cregan et al., 1999; Song et al., 2004) . The genetic map has been proved to be useful in detection of quantitative trait loci (QTL) for economical important traits such as oil and protein content (Diers et al., 1992; Brummer et al., 1996) , resistant to soybean cyst nematode resistance (Concibido et al., 1996) , Spodoptera litura Fabricius (Komatsu et al., 2005) , Aphis glycines Matsumura (Hill et al., 2006) , yield (Orf et al., 1999) , reproductiverelated traits (Tasma et al., 2001; Yamanaka et al., 2000) . The availability of thousands of SSR markers facilitates detection of many other economically important traits including aluminum-toxicity tolerance in soybean beacause the high polymorphism level of the SSR in soybean (generally over 50% depending on the populations used (Tasma et al., 2001; Hwang et al., 2009) .
The objectives of this study were to analyze the segregation of SSR markers segregated in the progenies of F 2 population B3462 x B3293 and to map the SSR markers in eight soybean chromosomes.
MATERIALS AND METHODS

Population Development for Mapping
An F 2 soybean population was developed by crossing an Al-tolerant soybean genotype B3462 and an Al-sensitive soybean genotype B3293. The method for the F 2 soybean population development was previously described (Tasma et al., 2008) . One hundred ninety two F 2 progenies were developed and 100 of the the progenies were randomly selected and were used in the genetic mapping study.
Selection of Microsattelite Markers
The SSR markers used for genetic mapping study were selected from the soybean consensus genetic map (Cregan et al., 1999; Song et al., 2004; Hwang et al., 2009) . SSR markers were selected from eight soybean chromosomes (A2, B1, C1, F, G, J, L, and N) predicted to contain Al-toxicity tolerant QTL (BianchiHall et al., 1998) . All SSR markers within a chromosome were selected. The SSR primer sequences were obtained from Perry Cregan Laboratory SSR data bases (Song et al., 2004) . The selected SSR markers were synthesized by Midland Inc., Midland, Texas, USA, and a total of 250 SSR markers were used in this study.
DNA Isolation, PCR, Electrophoresis, and Data Scoring
DNA was extracted from leaves of the soybean parents and their F 2 population as described previously (Keim et al., 1988; Tasma et al., 2008) . Qualities and quantities of the DNA were determined using a standard method (Sambrook et al., 1989) . The SSR primers derived from the eight soybean chromosomes were parentally screened to obtain the ones showing polymorphisms between the parents (B3462 and B3293). PCR reactions were as described (Akkaya et al., 1995; Tasma et al., 2008) , and DNA reactions were carried out for 45 cycles in a 10-μL reaction. A 60-ng DNA template was used in the reaction instead of 30 ng. PCR cycling was performed in a MJ PTC-100 Programmable Thermal Controller using RBC Taq polymerase (Real Biotech Corporation, Canada). PCR products were electrophoresed in 4-5% agarose or in 5% acrylamide gel using 0.5X TBE buffer. The gels were stained either with ethidium bromide for the agarose gel or with silver staining method for acrylamide gel (Sambrook et al., 1989) . The agarose gels were photographed using a Bio Rad Geldoc Documentation System (BioRad, Calfornia, USA). The polymorphic SSR markers were used to amplify individual DNA of the F 2 soybean population. The segregation data were scored by two independent observers.
Segregation Analyses of the SSR Markers in the Progenies of F 2 Population
A Chi-square test was performed on the segregation data of each SSR marker in the progenies of the F 2 population. The null hypothesis of the test was that progeny segregated in a 1 : 2 : 1 ratio (alleles originated from parent B3462 : both parents, heterozygote : and alleles originated from parent B3293).
Linkage Mapping
Placement of markers was done using the program MAPMAKER/EXP3.0 (Lincoln and Lander, 1993) . For grouping the markers, a minimum LOD score of 3.0 and a maximum distance of 40 cM were used as a threshold value to declare linkages in the pair-wise loci analysis. The linkage map was constructed using the Haldane Map Function (Haldane, 1919) . The gene orders were assigned using the 'compare', 'try', and 'ripple' (minimum LOD score of 3.0) commands.
RESULTS AND DISCUSSION
Segregation of SSR Markers in the F 2 Population of B3462 x B3293
One hundred twenty five SSR markers demonstrated polymorphism betwen the parental DNA from the soybean genotypes B3462 and B3293, and 122 SSR markers were segregating in the F 2 progenies of population B3462 x B3293. Examples of the segregation patterns of the SSR markers used in this study is as shown in Figure 1 . Segregations of the SSR markers in each soybean chromosome were generally followed the null hypothesis that the markers segregated in a 1 : 2 : 1 ratio indicating that the markers segregated following the Mendelian pattern of a single locus segregation ratio (Table 1) . Among the 122 segregated SSR markers, only eight markers (6.6%) did not follow the expected 1 : 2 : 1 segregation ratio. They were skewed toward either parental alleles. These include two markers on chromosom A2 (i.e., Sat_406 with more B3293 allele and Satt377 with more the B3462 allele), three on chromosome J, and one each on chromosomes F, L, and N (Table 1 ). This level of marker skewedness is commonly observed in the soybean genetic maps of different mapping populations due to some reasons. The most common one was due to preferential PCR amplification of particular alleles at certain primer combinations and genomic DNA complexity combinations. Another reason can also be due to scoring errors (Cregan et al., 1999; Song et al., 2004; Hwang et al., 2009) .
The data observed here demonstrated excellent segregation ratio, >93% of the segregating SSR markers segregated following Mendelian pattern (Song et al., 2004; Hwang et al., 2009) .
Genetic Mapping of the SSR Markers in 8 Soybean Chromosomes
One hundred nineteen out of 122 SSR markers segregated in the F 2 progenies of the B3462 x B3293 F 2 population were mapped in 8 soybean chromosomes (Figure 2) . Three SSR markers segregated in the F 2 progenies (Sat_294, BE80308, and Satt338) did not link with other markers, and therefore, the three markers could not be mapped as they standed by themselfs. Total genetic maps detected from this study, were were separated using a 5% polyacrylamide using 0.5X TBE buffer. DNA were stained using silver staining method (Sambrook et al., 1989) . Chi square tests indicated that the markers segregated in a 1 : 2 : 1 ratio. P1 = B3462 parent and P2 = B3293 parent.
Figure 2. Genetic maps of SSR markers in 8 soybean chromosomes (A2, B1, C1, F, G, J, L, and N) expected to contain aluminum-toxicity tolerant QTLs. The genetic map was constructed based on F2 population B3462 x B3293. Total genetic map of this study was 1,194.8 cM with an average distance between two adjacent markers of 10.7 cM. Three chromosomes (B1, G, and J), however, still contain two linkage groups (LGs) requiring SSR marker enrichment around the gap regions to combine the respective LGs.
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Satt578 94 F2 progeny ,194 .8 cM with an average map distances between two adjacent SSR markers of 10.7 cM (ranges from 2.2-30.0 cM). Three chromosomes (B1, G, and J), however, were still containing chromosomal gaps between two linkage groups (Figures 2), indicating that a further marker enrichment assay is absolutely required to fill in the chromosomal gaps. In addition, most of the chromosomal regions were still contain large distances in particular regions, suggesting that further marker assays are required to make more fine maps throughout each chromosomal regions. A genetic map with a lower average distance between two adjacent markers (expectedly closer to 5 cM) is expected from this study. This will facilitate a better chance for detection of the expected QTL and make the map becomes more useful for detection of Altolerant QTLs in soybean.
The excellent constructed genetic maps resulted from this study, even though a more fine map has not been acommplished yet, the study results suggest that we have accomplished important steps of Al-toxicity detection studies. This includes the excellent mapping population used and the high polymorphism of SSR markers used in this study. More than 50% (ranges from 50-60%) of SSR markers used in this study were polymorphics that facilitates the success of this genetic mapping project. The genetic map presented in this study with additional of some more SSR markers in several chromosomal regions in addition to the good Al-toxicity phenotypic data will facilitate the success of the Al-toxicity tolerant QTL detection in soybean.
CONCLUSION
Out of 122 SSR markers segregated in the 100 progeny of the B3462 x B3293 F 2 population, 114 SSR markers were segregated in a 1 : 2 : 1 ratio, indicating that the marker segregated in a Medelian fashion for a single locus. One hundred nineteen SSR markers were mapped in 8 soybean chromosomes (A2, B1, C1, F, G, J, L, and N). Total genetic maps covered, was 1,194,8 cM with an average map distances of the adjacent markers of 10.7 cM. A further marker enrichment is needed to fill-in-the gaps of chromosomal regions having large map distances and to lower the average map of distances between two adjacent SSR markers to 5 cM. Genetic map presented in this study should be useful for detecting aluminum-toxicity tolerant QTL in soybean.
